Purpose Weissenbacher-Zweymuller syndrome (WZS) is an autosomal recessive disorder of delayed skeletal maturation. Its characteristic features include rhizomelic dwarfism with metaphyseal and vertebral changes. It has been challenged whether WZS is a part of the spectrum of Stickler syndrome. We report ocular findings in the largest everpresented series of patients with WZS.
Introduction
Weissenbacher-Zweymuller syndrome (WZS) is an inherited disorder of delayed skeletal maturation. Its characteristic features include rhizomelic dwarfism (short limbs), metaphyseal widening of the long bones, and vertebral coronal clefts. 1 Regression of the bone changes is usual during a later childhood and most patients achieve normal or near-normal body proportions and normal radiographic appearance of the skeleton. 2 Other WZS features are microretrognathia with or without cleft palate, neonatal respiratory distress, nasal root depression and sensory neural deafness.
Since its first description by Weissenbacher and Zweymuller in 1964, this syndrome has been reported under several names, such as 'micrognathic dwarfism,' and 'Pierre-Robin with chondrodysplasia,' illustrating confusion regarding its delineation. [3] [4] [5] This condition has been lumped together with Stickler and Marshall syndromes, and has been called the neonatal form of Stickler syndrome. 6, 7 Chemke et al, 2 along with Galil et al, 8 suggested that WZS is distinguishable clinically and radiographically from Stickler and Marshall syndromes and, as opposed to them, is inherited as an autosomal recessive trait. To the best of our knowledge, ocular presentation of WZS has not been systematically studied. We report herein the largest ever-presented series of eight WZS patients (four of them have been previously reported 2, 8 ) and describe their ocular manifestations. We show that ocular features in WZS differ from those in Stickler syndrome.
Patients and methods
Children were assessed and followed up in a university-hospital inpatient and outpatient facilities. Eight patients with WZS were included, five female and three male patients aged 6 months to 18 years.
Patients underwent an examination by a paediatrician including assessment of growth and development, as well as X-ray of vertebra and long bones, and genetic work-up. The diagnosis of WZS was based on clinical and radiological findings. The clinical features included rhizomelic short stature, microretrognathia, depressed nasal root, cleft palate (soft or/and hard), a history of a neonatal respiratory distress, and sensory neural deafness. The radiological findings included widening of the metaphyses of the long bones and coronal clefts of the lumbar vertebrae. All patients and their parents had karyotypes checked and family pedigrees were constructed.
All patients had a complete ophthalmic examination including orthoptic assessment and cycloplegic refraction, as well as photography of face and body. A best-corrected visual acuity was measured by methods commensurate with patient's age and cooperation. A presence of facial dysmorphism, refractive errors, strabismus, and structural ocular abnormalities was assessed. An examination of ocular alignment consisted of prism and Hirschberg measurements for distance and near fixation, as well as evaluation of ductions and versions. In patients with vertical deviations and sufficient cooperation, Bielschowsky head tilt test was also performed. Vitreoretinal changes were assessed by a slit-lamp biomicroscopy and indirect ophthalmoscopy carried out with dilated pupils. In addition, patients aged 12 years and older were examined with a Goldman's three-mirror lens. WZS who died at the age of 1 month from a respiratory distress. Termination of a pregnancy due to a suspicion of another foetus with WZS (according to a prenatal ultrasound scan) was also performed in this family. Patients 7 (VI:4 in Figure 3 ) and 8 (II:1 in Figure 4 ) were of Jewish Sephardic origin, each originated from a small segregated community (Bukharan and Georgian, respectively). Their parents were not consanguineous, but patient 7 had consanguineous maternal grandparents (Figures 3 and 4) . Patient 8 (II:1 in Figure 4 ) had a brother who was presumably affected and died at the age of 6 weeks following repeated episodes of aspirations and pulmonary infections (Figure 4) .
Results
Clinical and radiological data of the eight patients are shown in Table 1 . All patients had typical WZS signs, including short limbs, micrognathia, cleft palate, depressed nasal root, vertebral clefts, and wide methaphyses ( Figures 5 and 6 ). All experienced a sensory neural hearing loss of variable degree and had a history of a neonatal respiratory distress ( Figure 6 ). Patients' follow-up period ranged from 6 months to 18 years, with three patients (1, 7, 8) followed-up for at least 12 years. At the end of the follow-up, all patients aged 3-18 years, achieved height above the fifth percentile, while those aged 2 years or less (patients 3, 5, 6), were still below the third percentile and too young to assess a catch-up growth. All patients and their parents had normal karyotypes. A detailed clinical evaluation of the parents of our patients showed normal phenotypes.
The ocular findings of the eight patients are summarized in Table 2 . All patients had a variable degree of hypertelorism and protruding eyes ( Figure 5 ). Four 
Bifid uvula. NA ¼ nonapplicable because of young patient age. Figure 5 Colour photograph of patient 5 showing a rhizomelic dwarfism (short limbs), microretrognathia, mild hypertelorism, and depressed nasal root. She had had surgery for esotropia, but there is still right hypertropia, with right inferior oblique overaction, and left head tilt. Figure 5 ). Owing to of the insufficient cooperation, it was not possible to perform a Bielschowsky head tilt test. The patient was diagnosed with infantile esotropia and possible congenital right fourth cranial nerve palsy, and underwent a strabismus surgery. The ocular media was clear and no vitreoretinal pathology was found in any eye. There was no history of retinal detachment in any of the patients.
Discussion
Several studies reported myopia in children suspected of having WZS. 6,9-11 Foveal or optic nerve hypoplasia, congenital glaucoma, and poor vision were also described in some of them. [9] [10] [11] Conversely, no myopia or other ocular manifestations were reported in WZS patients by Haller et al, 12 Cortina et al, 13 and Maroteaux et al. [12] [13] [14] In agreement with them, in the Figure 6 Colour photograph of patient 6. Note microretrognathia and a tracheostomy tube inserted due to recurrent episodes of respiratory distress. 16 The absence of vitreoretinal abnormalities in WZS patients could probably be accounted for by the lack of expression of COL11A2 gene in the mammalian vitreous, where it is replaced by COL5A2 gene. 17 Thus, COL11A2 mutations should not cause vitreoretinal anomalies, as opposed to the mutations in COL2A1 and COL11A1 genes, which are expressed in the vitreous and are responsible for Stickler syndrome types 1 and 2, respectively. 18 We have shown, however, that WZS patients might also have ocular involvement, albeit different from Stickler syndrome. Significant refractive errors necessitating spectacle correction were found in half of our patients. Two patients had strabismus, both horizontal and vertical, which has not been previously reported in patients with WZS. Children with WZS, who survive a neonatal respiratory distress, usually have a good general prognosis due to a catch-up growth and normal, or almost normal, psychomotor development. 2, 8 They suffer, however, from a hearing loss, and any visual impairment would significantly jeopardize their functional ability. Therefore, a complete ophthalmic examination, including cycloplegic refraction and orthoptic assessment, is warranted at an early age, in order to prevent amblyopia.
